Objective: We used epidemiologic data of clinical periodontal status from two population-based samples in two countries, United States and Germany, to examine 1) the impact of age on the relative contribution of recession and pocketing on the distribution of clinical attachment loss, and 2) whether it is feasible to define age-dependent thresholds for severe periodontitis. NHANES used a full-mouth examination protocol to collect data on recession (R), pocket depth (PD) and clinical attachment loss (CAL) for six sites/tooth on a maximum of 28 teeth; SHIP-Trend used a half-mouth examination at four sites/tooth. In both samples, percentile distributions of mean CAL/person were generated for each 5-year age interval. Age-dependent thresholds defining the upper quintile of mean CAL were calculated for both samples. The topographic intraoral distribution of CAL and the relative contribution of R and PD on CAL was assessed.
INTRODUC TI ON
It is estimated that severe periodontitis affects 11% of the world population with prevalence increasing by age. 1, 2 There has been considerable discussion over the years regarding the role of age as a risk factor or risk indicator for periodontitis. A risk factor is an attribute or exposure that increases the likelihood of developing a disease or injury in an individual. Conceptually, risk factors are part of the causal chain with exposure to the risk factor occurring before the outcome, and can be modifiable (e.g., lifestyle factors) or non-modifiable (e.g., genetic factors). In contrast, risk indicators are characteristics that are associated with a disease or condition without being etiologically related, and for which temporality or direction of the observed relationship remains unclear. 3 The influence of age on periodontitis is complex. While the likelihood of developing periodontitis increases with age in populations across the globe, suggesting that age is an important risk indicator, 4 aging per se is not necessarily a risk factor, 5, 6 but likely a health determinant, or the underlying characteristic of a group that shapes the health of individuals and populations. 20 As such, aging can account for a substantial part of the variance of periodontitis in the population and can influence incidence rates.
Although severe periodontitis can occur throughout the life span, it is estimated that the global incidence of severe periodontitis peaks around the age of 38 years. 1 Because age may increase susceptibility to the onset of periodontal disease and its progression, there have been many attempts to incorporate age-as a risk factor/indicator or determinant-into risk assessment tools for the prevention of periodontal disease progression. 7 A high-utility risk assessment tool can improve screening for disease and may improve diagnostic decision-making for clinicians. However, understanding the distinction between the cause of disease in individuals and the cause of patterns of incidence in a population is important because effective disease mitigation may require distinct prevention strategies. 8 More importantly, recognizing the role of a characteristic as a risk factor or health determinant informs the diagnostic process.
A disease is diagnosed in a patient based on a constellation of signs, symptoms, clinical and/or laboratory tests. Such criteria used by clinicians in the diagnosis and treatment planning are commonly known as diagnostic criteria. However, diagnostic criteria and classification criteria are not synonymous. Classification criteria are developed with the goal of utilizing standardized case definitions, facilitating comparability between studies and consequently generating uniformity in interpretation of study results. Classification criteria are not designed to characterize every single patient with a unique set of disease manifestations but rather to set a foundation to aggregate a majority of patients with specific phenotypes into a category. The main attribute of a classification scheme is to have high specificity, that is, to ensure that healthy people are not misclassified as having disease. However, if both the sensitivity and the specificity of a classification system approach 100%, then these classification criteria may also serve as diagnostic criteria.
Nevertheless, given that classification criteria are not designed to have an accuracy of 100%, it is inevitable that a certain proportion of patients will be misclassified, hence why classification criteria are not meant to be used to diagnose disease in a particular patient or to guide treatment planning. To avoid introducing error in study design that can compromise validity, classification criteria for diseases must be developed utilizing empirical evidence-driven methodologies and
should not be based on expert opinion alone.
The evolution of classification criteria for periodontal diseases over the years has been shaped by a rich discussion in the scientific community. Our understanding of the pathobiology of periodontitis has changed over these years and the expansion of new knowledge is generating the need to revisit the existing classification criteria. In view of the upcoming World Workshop for a revised classification of periodontal and peri-implant diseases and conditions organized by the American Academy Periodontology (AAP) and the European Federation Periodontology (EFP), and given the ubiquity and state of equipoise over elements of the classification system, the purpose of this study was to critically ascertain the association between age and periodontitis in an empirical evidence-driven manner. Specifically, our objectives were to address the following questions: 1) how does age affect the distribution of periodontitis in the general population, and 2) is it feasible to define age-dependent thresholds for severe periodontitis. Epidemiologic data from two population-based samples in two countries, United States and Germany, were used to address these questions.
ME THODS

Study Populations
We used data from the National Health and Nutrition Examination 
Periodontal examination
Between In both studies, where the determination of the CEJ was indistinct (wedge-shaped defects, fillings, and crown margins), CAL was not recorded. 
Study variables
Statistical analysis
Exploratory data analysis was performed to ascertain the relationship between age and the three clinical measures of periodontitis, namely recession (R), pocket depth and CAL. Analyses were conducted using survey weights and design variables to account for the sampling design to produce representative estimates for both United States and Pomerania, Germany. Analytical datasets included those dentate, with tooth count ≥2, and age ≥30 years. 
RE SULTS Findings from NHANES 2009 to 2014
The mean age of the study population was 50.9 years (SE: 0.25), with the majority falling within the age range of 30 to 59 years (Table 1) .
Within this age range, the population was fairly equally distributed among each of the six 5-year age categories (∼12%). Age categories within the age range of ≥60 years constituted ∼27% of the total sample. The majority of the population was non-Hispanic Whites (68.4%), had some education beyond high school (63.8%). Figure 1A shows the mean CAL, PD, and clinical recession for each age group. Mean CAL ranged from 1.3 mm in the youngest age group (aged 30 to 34 years) to 2.3 mm in the oldest age group (aged ≥75 years). Average mean clinical recession steadily increased with age and was lowest in the age group of 30 to 34 years (Average: 0.1, SE: 0.2) and highest in the age group of ≥75 years (Average: 1.0, SE: 0.9). Unlike mean CAL and mean recession, the mean PD was fairly constant across age groups; thus, the 30-to 34-year age group had a mean pocket depth of 1.5 mm (SE: 0.5) and the ≥75-year age group had a mean PD of 1.50 mm (SE: 0.5). Thus, it appears that the observed increase in mean CAL with age was primarily driven by increased recession.
The pattern of mean recession, pocket depth and clinical attachment loss per participant is investigated in greater detail in Figure 2A , which presents boxplots of their distribution across age groups. The box boundaries identify the 25 th and 75 th percentiles, the horizontal line within the box represent median value, the whiskers define the interval between the 25th percentile minus 1.5 times the interquartile distance and the 75th percentile plus 1.5 times the interquartile distance, and the dots depict the outliers. When evaluating clinical recession by age group, the median value of subject-based mean recession gradually increased with age as did the interquartile range. Unlike recession, the interquartile range and median value for subject-based mean PD remained relatively stable across all age groups, as illustrated by the minimal difference in the size of the boxes across the age groups. For CAL, the increase in the median value of subject-based average attachment loss was minimal across the age groups, but the interquartile range increased with age, especially in ages between 45 to 64 years where this increase appeared to be more dependent on the third and fourth quartiles.
When the cumulative distribution of the entire sample with respect to mean CAL was analyzed ( Figure 3A) , it was observed that 95% of the sample had a mean CAL of ≤4.2 mm and a mean clinical recession of ≤2 mm. In contrast, persons in the top 5% of the to CAL appeared to increase substantially between 35 and 54 years with the mean recession increasing from 3.9 mm (aged 35 to 39 years, Figure 3C ) to 7.8 mm (aged 50 to 54 years, Figure 3F ) for the top 5% of the sample. Distributions of mean recession, mean PD, and mean CAL per participant were more closely investigated in boxplots of their distribution across age groups ( Figure 2B ). The median of subject-based mean recession steadily increased with age as did the interquartile range (i.e., the box height). Unlike recession, the median value for subject-based mean PD increased up to ages 45 to 49 years and then remained relatively stable across the older age strata. Also, interquartile ranges doubled between the youngest and the 45-to 49-year age group and remained constant thereafter. For CAL, the median value of subject-based mean CAL increased substantially across the age groups as did the interquartile range.
When subjects were grouped according to 5%-percentiles of the entire sample with respect to mean CAL ( Figure 3L ), it was observed that 95% of the sample had a mean CAL of < 5.5 mm and a mean clinical recession of < 2.1 mm. In contrast, for people in the top 5% of the sample, a mean CAL of 7.2 mm and a mean recession of 3.3 mm was observed. In 75% of the sample, the mean CAL did not exceed 3.4 mm. When stratified by age ( Figures 3M through   3V ), 95% of the 30-to 34-year olds had a mean CAL of < 2.3 mm and a mean recession of < 0.1 mm. In the top 5% group, mean CAL was 2.9 mm and mean recession was 0.2 mm. In contrast, 95% of the oldest participants (26) had a mean CAL < 7.2 mm and mean recession of < 3.6 mm. In contrast, the top 5% mean CAL was 9.5 mm and the mean recession was 4.3 mm. Thus, the contribution of recession to CAL appeared to increase dramatically over the whole age range with the mean recession increasing from 0.2 mm to 4.3 mm, respectively, for the top 5% of each age-stratified sample. We further analyzed average CAL levels in the upper quintile group by tooth type and site location (disto-facial, mid-facial, mesiofacial and mid-lingual). Across all four sites, the average CAL was generally higher for posterior than anterior teeth, except for anterior mandibular teeth (Fig. M, Appendix) . Average recession varied 
DISCUSS ION
Our primary aim with this study was to attempt to generate agedependent thresholds of periodontitis severity, using an empirical evidence-driven epidemiologic approach derived from two population-based studies of clinical periodontal status. To provide 14 Moreover, use of the above definitions in epidemiologic studies has resulted in questionably high estimates of the prevalence of severe periodontitis, especially in older age groups. 15 Therefore, the alternative strategy adopted in this study was to 1) examine in detail the cumulative distribution of attachment loss in two different population samples across the age spectrum, 2) identify within each age group subsets of individuals mostly affected by attachment loss, and 3) quantify thresholds of mean attachment loss which, if exceeded, identify individuals whose periodontitis severity is disproportionate to their age. (Figures 2A and 2B) . In both populations, the rate of increase of CAL by age was mirrored by a similar trend in recession. In nearly all age groups from both populations, adults in percentiles below the median had PD accounting for more than half of their mean CAL.
Interestingly, our data demonstrate that the mean PD remains fairly consistent across the lifespan. Furthermore, as illustrated by the boxplots, the median scores of mean PD showed little variation across age groups. Equally important, the interquartile range remained consistent across age groups, suggesting no differential change in PD by increasing age in the majority of the participants in both the United States and Pomeranian samples. Obviously, the development of such a predictive tool has to undergo a formal validation process before it can be implemented, and is beyond the scope of the current work.
Alternatively, validation of these thresholds should include a longitudinal assessment examining whether identified individuals ran a higher risk of tooth loss due to periodontitis, in a manner analogous to the utility of hypertension thresholds generated in the Framingham Studies to predict incident cardiovascular disease or mortality. 16 These subsequent analyses should be carried out in existing longitudinal data sets from different population samples to examine whether there are "inherent" age-dependent thresholds of periodontitis severity, beyond which tooth loss is inevitable. Our study has important strengths, notably the fact that it is based on two large population-based national surveys from two developed countries. Although NHANES is based on a FMPE assessing 28 teeth at six sites per tooth, thereby providing an accurate estimation of the prevalence of periodontitis in the US population, SHIP-Trend is based on a PMPE assessing four sites per tooth, which may have resulted in underestimation of prevalence. However, given that the focus of our study was the age-dependent distribution of CAL and related periodontal measures rather than assessment of prevalence of periodontitis within the respective populations, it is unlikely that this methodological limitation has had any substantial impact on our findings. Moreover, the study does not attempt to make any causal inferences on the role of age on periodontal status due to its cross-sectional design. The study samples were limited Lastly, we note that the NHANES and SHIP-Trend populations showed substantially different levels of periodontitis severity, a finding that is likely attributed to cohort effects.
Typically, cohort effects are driven by age, as age and related period effects can be a strongly associated, resulting in confounding. However, the mean age of both populations did not differ substantially (51 vs. 52 years) and the sample sizes among the analyzed age groups were similar. Additional attributes, rather than age, that were unique to each population and are more Based on a 28-tooth dentition.
likely underlying the cohort effect include social/political/economic conditions, access to care, and exposure to important risk factors such as cigarette smoking. In the United States, cigarette smoking has been declining and only 18% of the NHANES sample analyzed in this study were current smokers. In contrast, smoking was more prevalent in the SHIP-Trend cohort, with > 35%
of the participants being current smokers. Because the population attributable risk for periodontitis due to smoking is high, the differences seen in periodontitis severity between the two countries can be attributed to a large extent to differences in smoking. Tooth loss was also different between the two populations and could have contributed to a cohort effect as well.
Although loss of periodontitis-affected teeth can conceivably result in "healthy tooth survivor" effects, it has been shown that individuals with fewer remaining teeth have higher mean CAL and PD measures. 17, 18 However, the reasons underlying the observed differences in periodontitis severity between NHANES and SHIP-Trend was not the main purpose of this report which rather focused on illustrating patterns of attachment loss by age.
Our study is an exploratory, initial step towards introducing empirical evidence-driven, age-dependent thresholds for severe periodontitis. It provides detailed evidence that age is a significant determinant of the clinical presentation of periodontitis, and demonstrates that the relative contribution of pocketing and recession to total attachment loss differs with age. At the same time, the substantial phenotypic variability within each age group strongly suggests that exposures other than age are pivotal in determining susceptibility to periodontitis. Additional data from other populations must be used to augment the generalizability of the present findings. 
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